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1.0    ABSTRACT 

Sstiaated low speed stability jid control characteristics of Douglas 
Model XP^D-1 airplane are presented in this report. Based on analysis 
of wind tunnel tests conducted on the latest configuration, the flying 
qualities aro sujanariaed below. The conclusions presented below nay 
be considered applicable up to a Uach number of 0.8 since Uach number 
effects are known to be minor up to that speed. 

FLYIBG QUALITY 

1. Static Stick Fixed Long: 
tudinal Stability. 

2. Static Stick Free Longi- 
tudinal Stability. 

RSIARKS 

Satisfactory over low speed range 
for an aft CG of 25* UAC.    Minimum 
of'52 static margin maintained for 
all speeds at vhlch Mach number 
effects are negligible. 

Satisfactory during normal control 
conditions and nergency control 
conditions. 

3.    Trim Change Characteristics        Excellent. 

A.    Dynamic Longitudinal 
Stability 

5.    Slevator Control Power 

Damping of short period oscillation 
does not meet requirements of SR 119~B. 
Control system should be designed so 
that artificial damping can be 
added if necessary. 

SaUsfactory.    Hold-off 1.05 V-^U 
satisfactory for C.G. at 22* lllC, 
gear down.    Nose-wheel lift-off can 
be effected at 90% of the minimum 
take-off speed with C.G. at 22^ MAC. 

6,    Slevator Control Forces Normal Control Configuration! 
factory. 

Satis- 

ämsrgency Control Configurationt 
Satisfactory during unaccaleratsd 
flight conditions. Stick force per 
■g" variation unavöldab y high daring 
turns and pull-ups above 200 knots. 

7. Static Directional Stability 

8. Rudder Control Power 

Satisfactory. Adverse yaw within 
requirements. 

Satisfactory. 

requirements. Minimum Gn^-.00110. 
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9. Rudder Force« 

10. Dihedral Effect 

11. Djraemlo Lateral Stability 

12. Lateral Control 

13. Aileron Forces 

H. Stalling Char^eteriatiee 

Satlafaotory for. airplane with no 
yaw-damper.    Unknown an yet with 
yaw-damper'installed. 

Satiafactory but marginally high, 
stick fixed and stick free.   No 
rolling Telocity reversal. 

marginal with no artificial damping. 
Characteristios with rate-gyro 
installed estimated to be satls- 
faotosy. 

Fxceilent. 

Satisfactory for both normal and 
emergency conditions over low speed 
flight range. 

Satisfactory with nose-slats. 
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3.0   coBTFicrarrs AND SYMBOLS 

CL 

CD 

Lift coefficient, "IS 

Drag coefficient, ""a 

^n 

Cc.CT 

Ch. 

C/p 

C-*R 

^P 

^R 

dCr 

Pitohing momeot coeffiolent about  quarter chord    ~g*~" 
point of wing nean aerodynareio chord, qB*w 

Rolling moment coefficient,  stability axes,    r^tr 

N 
Tawing moment coefficient,  "g^ 

C 
Side force coefficient, stability axes, -g- 

Hinge moment coefficient. 
HM 

q sei;# 

Variation of rudder hinge moment coefficient with rudder defleetion 

Rolling moment due to rolling Telocity 

Rolling moment due to yawing Telocity 

Tawing moment due to rolling Telocity 

Tawing moment due to yawing Telocity 

Side force due to rolling Telocity 

Side force due to yawing Telocity 

Tawing moment due to sideslip angle 

Rolling moment due to sideslip angle 
■ 

Side force due to sideslip angle 

Lift curve slope 

Variation of drag coefficient with angle of attack 

Variation of pitohing moment  coefficient with lift coeffiolent 

"wwrawrsr 
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Ci) 

<, 

acL 

»6. 
aCj 

% 

LZo 

lX7 

Variation of lift coefficient with «levon deflection 

Variation of pitching moment ooeffioient with eleven 
defleetlon 

Pitching moment due to pitching Telocity 

Angle of attack of principal longitudinal axle of airplane, 
positive when principal axis is above flight path at the nose, 
degree* 

Radius of gyration In roll about principal longitudinal axis, 
feet 

Radius of gyration in pitch about principal lateral axis, feet 

Radius of gyration in yaw about principal normal axis, feet 

lfoment-of-lnertla coefficient about principal longitudinal 

axis "^Xo2 

qbS 

Moment of inertia coefficient about principal lateral axis, 
mkYo2 

qSb 

Moment-of-inert!a coefficient about principal normal axis 
mk7 2 

qbS 

Moment-of-inert!a  coefficient  about  flight-path axis 

(1^ cos2^ + 1^ sln2n) 

Voment-of-inertia coefficient about carls normal to flight 
path        U7.0 eo*2* * ^ 8in2^, 

Product-of-lnsrtia coefficient with respect to flight-path 
axis and axis normal to flight  path 

C - dzo " IX0) Bia H oos tO 

m 

P 

R - -IS 

Airplane mass - — 

■£» p * rolling Telocity, red/sec. 
where      r " yawin*> Telocity, rad/sec. 

b <■ wing span, feet 
~z V - Telocity, feet per sec. 
2V 
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c UJ 

C ) 

c^ 

II -Mach number 

q 

v 

a 

ß 

f 
Se 

Sr 

Wing erea, square feet 

Eleron area, square feet 

Rudder area, square feet 

Trinmer area, square feet 

Wing mean aerodynamic chord, feet 

'.Vlng span, feet 

EleTon root mean square chord, feet 

Pynamic pressure, pour da per square foot (1/2 pV2) 

Mass density of air, slugs per cubic foot 

Airspeed, feet per aeoond 

Airspeed, knots, indicated * 

Angle of attack of fuselage reference line, degrees 

Angle of yaw of fuselage reference line, degrees 

Sideslip angle of fuselage reference, degrees 

Angle of roll, degrees 

Eleron deflection angle, degrees, negative when trailing edge up 

Rudder deflection angle, degrees,   * m m m      right 

Trimmer deflection angle, degrees,  "     "     "     "us 
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4.0 INTRODUCTION 

,J1fv
r*2fr* •»■■•>*»•■ I©" speed stability and control characteristic« 

or the final pre-flight-test configuration of Rouglaa Model XF4D-1.    It 
is submitted to show expected low speed flying qualities in comparison 
with requirements of Bureau of Aeronautics Specification SR119-B. 

Since References  was submitted, numerous changes in the configuration 
of the airplane made it advisable to verify estimated stability and 
control characteristics with wind tunnel tests of the up-to-date con- 
.iguration.    These tests were accomplished in two nhases:    low speed 
tests completed at Ouggenheim Aeronautical Laboratory,  California 
Institute of Technology in July, 1949 and presented in Reference I 
^J tr^8^niC "1?,IP* teet8 co"Plet»<ä •* the Southern California Cooper- 
ative Wind Tunnel in July, 1949 and presented in Reference 2  . 

Changes in the design of the airplane that have been incorporated into 
the final configuration and which effect stability and control are: 

1. Change in shape and size of the fuselage 

2. Decrease in chord of the elevons from 40" to 26" 
parallel to wind stream ' 

3. 

4. 

5. 

Change in span-wise division between Inboard and 
outboard portions of the elevon 

Increase In total lateral deflection of the eleron« 
from 1 15 0 to A 20° 

Addition of auxiliary pitch trimmers located inboard 
of elevone to compensate the decrease in elevon 
chord 

Items 2,  3,  4, and 5 were decided upon in an effort to  improve the 
boost out" control characteristics of the airplane.    It is believed 

thle program has been  largely successful. 

In general, results of  the  low speed analysis are presented for two 
control operating configurations;  normal operating condition and emergency 
operating condition.    Under normal operating oondltions,  calculation» 
take into  account the following oondltions-: 

1. 

2. 

The control surfaces are actuated by an irreversible power 
system.    There is no force feed-back from the control 
surfaces to the pilot. 

The inboard and outboard elevons are inter-connected and 
act symmetrically as elevators and asymmetrically as 
ailerons. 
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3*    Stick forces are alaulated both longitudinally and 
laterally by a fore* feel deTiee vhoai» fore* output 
aa meaaured at the top of the stiak la Fa - .009 S e q 
longitudinally, and 7e .0053 5*per gid0<lfl leterally. 
Tto effect of the gearing ratio ia included in the 
conatanta .009 and .0053« 

For eaergeney control operation,calculations were made using th* 
following control characteriatics and reatrictions: 

1. 

2. 

Primary longitudinal and lateral control obtained from 
outboard elevona only, which are connected directly 
to the stick. Th* inboard elerona are free floating. 

Longitudinal and lateral etick forcea are obtained from 
the aerodynemlc hlnge-aomant of the outboard surface». 
The control atiek baa been lengthened to inereaa« th* 

gearing ratio, ,  d^* ^, to .25 rad/ft. longitudinally 

and .40 rad/ft. laterally, 
ayataa ia disconnected. 

Th* artificial force feel 

3. Th« longitudinal trimner may be positioned to any 
angle between zero and 30° trailing edge up. 

The estimated final center of gravity range is 22% MAC maximum forward 
and 25^ VAC maximum aft. When applicable, calculations hare bean mad* 
for these two C.O. positions« 

A summary of the high apeed stability and control characteristics will 
be presented in the forthcoming Part II of this report. i 

I 
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5.0    PHYSICAL CHA^ACTntlSTICS  OF MOm XTiD-l 

The Douglaa Model X74D-1 is a a ingle place, low aapeet 
ratio,  awept-wing,  tallleaa,  interceptor type airplane 
powered by a reetingiouae XJ40-WE-8 Jet engine equipped 
for afterburning.    Primary longitudinal and Intend 
control la aeooapllahed by uae of differentially aotlng 
elevone located along the trolling edge of either wing. 
Additional longitudinal control any be obtained fro« 
trlnaera located inboard of the elerons.    Directional 
stability and control la obtained fron a aingle rertical 
aarfaee lying in the plane of symatry.    An extendable 
alat la located along the leading edge of the wing to 
laprore atall oharacterletlea and Inoreaae naxinua lift. 
Due to the unusually large angles of attack required for 
take-off and landing,  a tail «heel la added to the tricycle 
type under-carriage. 

Dlagrama of the TFUD-l three-view layout, wing, and 
Tertical tail are shown in Figuren l,2and 3, and ita 
phyaical diueneione are given  in Table 1. 

- 
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TABLE   1 

PHYSICAL CHARACTERISTICS OF DOUGLAS VODEL TFAD-l 

Component Part 

Engine 

wi£fc 

Airfoil Designation 
Root Section 
Tip Section 

Area 
Span 
Aspect Ratio 
Taper Ratio 
HAC 
Diet to MAC 
Sweepback of LE. 
Dihedral 
Twist 

units 

Lift Increasing DeTice 

Nose Slats 
Type 
Span 
Chord (Parallel to FRL) 

sq.ft, 
ft. 

ft. 
ft. 
deg. 
deg. 
deg. 

ihm 

Longitudinal and Lateral Control Derices 

Elerons 
Inhoard ■» Ontboard 

Area Aft 1 (one side) sq.ft. 
Root Mean Square Chord ft. 
Span  (percent vring Spen) ^Nr 
Deflection (Perpendiciilar to I) 

Pitch de8« 
Lateral dee« 

Inboard 
~ Area Aft    5, (one side) sq.ft. 

Root Keen Square Chord ft. 
Span (percent ^ing Span) fag 

Outboard 
Area Aft S (one side) sq.ft. 
Root Mean Square Chord ft. 
Span (percent Vllng Span) ^b^ 

Dimension 

Westinghous« XJ40 - IE - 8 

NACA 0007-63/30 - 9.5° Mod. 
NACA 000^.5-63/30 

557 
33.5 
2.02 
.332 

18.25 
6.85 
52,5 
0 
0 

- 9.5° Mod. 

Automatic 
54.2 
12.68 

22.57 
2.07 

66.7 

15° Up to 10° Down 
♦_ 20 

8.76 
2.16 

24.2 

13.81 
2.01 

42.5 

CCTC'l^mAL 
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TABLE 1 (Cont'd) 

Coaponont Part  

Longitudinal Trl«««r 
Area Aft I (on» aide) 
Root Mean Square Chord 
Span (percent Ting Span) 
Deflection (Perpendicular to 

Hinge Line) 

Vertical Snrfae» 

Airfoil Deaignetion 
Root Section 
Tip Section 

Area 
Span 
Aepeet Ratio 
Taper Ratio 
MAC 
Tail Length (6.25 »i - 0.25 tT) 

Rudder 

Area 
Span 
Root Veen Square Chord 
Deflection (Parallel to FRL) 

Gearing Ratio» (Stick length to center 
of hand ■ 10" normal k. 
18" emergency) 

Elevone 
Longitudinal 

Normal 
Baergeoey 

Lateral 
Noroal 
Emergency 

Rudder 
Normal 

unit» 

BQ.ft. 
ft. 

deg. 

sq.ft. 
ft. 

ft. 
ft. 

Dimension 

10.7 
3.24 

20.4 

0. -30 

NACA 0008 
NACA 0006 - 63/30 

47.7 
7.58 
1.20 

.331 
6.86 

13.51 

•q.ft, 
ft. 
ft. 
d»g. 

red./ft. 
red./ft. 

red./ft. 
red./ft. 

red./ft. 

12.7 
6.08 
2.18 
♦ 25 

.449 

.25 

.718 

.400 

1.7 

63/30-9jj 
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6,0    COWTROL SYSTm pwsinw CHARACTERISTICS 

6,1    Gaaeral Description 

oilshed by elevens which Longitudinal and lateral control are aecoBgl 
travel 1 20° as aileron* and 15° üp and 10° down as elevators.    In 
addition,* trimer is provided inboard of the elevens for the purpose 
of increasing longitudinal control in a normal taks-off or landing 
and furnishing a means of emergency longitudinal trim. 

Ulevon actuation may be obtained in three ways,    under normal conditions 
the elevens «re operated by an irreversible hydraulic power system that 
is Independent of the airplane's hydraulie system and Is so deslgaed 
that an average rate of control deflection of 50 degrees per second 
may be obtained.    If the poiwr source of this Independent hydraulic 
system fails, the aircraft's hydraulic sysvem will supply power for 
control actuation, but at an average rate of only 20 degrees per seoond. 
Should all hydraulic power available for control actuation fall, a 
mnual control system is available.    In this ease the pilot is con- 
nected directly to the outboard control surfaces (ehich may be used 
for both lateral and longltudinal,control), but the inboerd elevens 
are free to float. 

The general arrangement of the controls is shown by the sketch below. 

or/fosfAjz) 
//*30t9/*O i 
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6,2   Noraal Operating Charocterlatlce 

Normally the eleTons act together eyametrioally for eleTator control and 
aeynaetrloally for lateral control.    The elerons are actuated by hydraulic 
power unite with no feed-back of aerodynamic forces to the pilot.    Arti- 
ficial feel will be provided by a device arranged to provide forces 
approximately proportional to  stick displacement.    The constant of pro- 
portionality between stick force and stick displacement «ill very approxi- 
mately with dynamic pressure up to a valu^ of "q* corresponding to about 
M > .9 at ?.L.    7rom this *q" to higher values the stick force gradient 
will remain constant.    Trim will be accomplished by adjusting the force- 
feel system to zero ;tick force. 

The longitudinal trimmer provides additional control for take-off and 
landing under normal operation, to increase the load factor that can be 
attained at high altitudes, and to serve ae an emergency pull-out device 
if the power system fails in a dive.    The trimmer is to be used also for 
longitudinal stick-force trim when operating on manual control.    The 
trimmer will be actuated by a separate lever in the cockpit and can be 
positioned when the lending gear is down or the hydraulic power system 
is inoperative.    If the hydraulic system is operating with the gear 
retracted, the trimmer will return to neutral upon release of its control. 
The purpose of this type of control is to prevent the trimmer and eleven« 
from being operated against each other  in normal flight. 

Lateral stick force also will be proportional to eleven displacement and 
q.    The maximum eleven displacement will be limited by the hydraulic 
pressure which will be a function of Kach number as shown below. 

/^ooo 
DE3/Grt rfro/?/?*//: /c TO/^QI^ Ot/r^&r 

/ciOOO 

^3(O0<3 

\ 

M' 93 

.<s .e /o /£ / 4- 
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This hydraulic praaaura variation haa baan ao ohosan that tha naxiatua 
aleron angle narar axeaada tha naxiaum ellowabla alaTon angle,  con- 
el daring tha structural  rtrangeh of tha wing in torqua.    Oonsaqaantlx 
the aaxunun deflection of tha eleroaa a« ailerona ia a function of tha 
deflection of tha elavons aa elsvators.    At a load factor of 6 and 
high indicated apaada tha naxioua aileron angle is leas than at a load 
factor of one. 

6.3    Energency Control Operation 

The cbanga-OTer from power operation of the control aurfacas to annual 
control «ill be automatic in the case of a hydraulic  power failure. 
Inmediately after failure,  providing the hinge moment  is above a selected 
value,  the control surface will remain  irreversible because the fluid 
in the eleven actuating cylinders will be trapped,  (neglecting leakage 
throughout tha systaa), by a cheek valve.    The force-feel system is 
automatically disconnected at the time of hydraulic power failure.    If 
the hinge moment of tha eleven ia reduced below this selected value, 
the check valve will open and automatically free the inner elevon«. 
The outer elavona are still directly connected to the stick.    In order 
to increase the mechanical advantug« of the gearing aystam, means are 
provided for lengthening the control stick.    For training parpoaa« or 
if a failure occurs that allow« the fluid  in the cylinder to move freely, 
tha pilot ha« a switch to shut off th« hydraulic system and place him 
im manual control a« above. 

i 

O 

CONFIDENTIAL 
J 



na— — 

cU 

CONFIDENTIAL 

DOUGLAS AIRCRAFT COMPANY, INC.       El  SfCUNDO HANT      Et StOUNOO. CAUTORNiA ■ 

Pag« 22 
Report RS 15304 

n± 

C^ 

(   > 

!i L) 

7.0    CVTrft C7 ORAVITY TRBTOS 

Since the XT^r-l Is no« In the process of design, it 
is impossible to predict accurately the final nazlnuB 
forward and aft center of gravity Unite.    Previous 
analysis has shown that the difference between the 
ttezinum forward C.C. with gear and slats extended and 
the maximum aft CO. with gear and slats retracted is 
3I£ MAC.    Using this difference as a base,  it is be- 
lieved the final center of gravity range for the 
conditions specified will be near 22* VAC to 25* MAC. 
Calculations in this report are based on this 
assumption. 

As further discussion will indicate,' it will be 
necessary to restrict the center of gravity range 
to the values mentioned above.    If final weight and 
balance figures reveal the C.C.  travel to be farther 
forward or aft along the mt,an aerodynamic chord, 
ballast will have to be used to bring the limits into 
the desired range. 
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8.0   rascussioN 

8.1 Tnnf;4*^4"*1 ^«^ «terlstiot 

8.1.1 static Long<»"^H«l Stability 

.^ .ticmad -tr.1 point, v.«^. ^^^^^455^ 

Figur. A  .    AV*1,S.P:«,
0f
,£* SJ     Snc. "• «xl«* ^ «"*•' of t tha n«utral point if «f* 0' f*"^ ^J    the static margin r.qulr«ant 

\ 

8.1.2    rynaalc Ign^tttdinal Stability 

rmce tha mD-1 airplane has ^^Sü^Suld"; iL^o«^*^^^- ^plng of the longltud^ ojclllauon. aould b^lo.^^ P 
Tentlonal alrplanaa.    Calcä'!l!i chin«; in airplane oonflguiatlon and 

T/VBLE    2 

SOKKARY OF PARAMCT^S Ü3SD IN DTHWIC 

I0N0ITOTITIAL STABILm_CALCULATTOTIS 
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A aumary of the damping characteristic» 1« presented In Wfttre 5 . 
Thl« graph was plotted with a and fi as coordinate» *> PW* "^wi*! 
the rSatlTe ralue of the daaplng of the o.clUatlon by drawing line» 
co-responding to the time required for the oscillation *>,«•••**• 
1/2 or 1/10 the Initial Talue.    Damping is marginal for all litt .»oair- 
flolents at sea lerel, and becoJiea worse aa altitude Increaaea. though 
the airplane will alwaye damp to 1/2 aaplltude In one cycle or leaa. 

It la doubtful If any aerodynaade mean» can be found to «ubBtantlelly 
increaae damping In pitch.    Reference 3 pointa out that it J- £*J"£JJ 
to change C^, CB , or the inertia in pitch enough to materially ImproT» 

the aituation.    Should flight teata Terify the low damping, «•• J* • 
rate-gyro, actuating the elevona to oppose the abort period longitudinal 
oaclllation,  aeema to be the logical aolutlon. 

8,1.3   Longitudinal Control 

8,1.3.1   Worwal Control Configuration 

8.1.3.1,1   Ma>lmam Uft Characterlatice 

The final configuration of «odel XP4D-1 la equipped with 26" 
chord eleTona from which primary pitch control i» obtained. 
Fitch control may be augmented when neee»a*ry, •«<*•• f1^«« 
take-off and landing, by longitudinal trlmere ^«•*•*,inbo?^ 
of the eleTona,    Since preliminary  daalgji of the «^fija» J^ 
40" chord elerona, the mazimom lift coefficient to which the 
airplane can be triced in normal flight,  (trlmere faired), 
la lower than the raluea quoted in prerioua reporta. 

Figure 6 ahowa trlamed lift currea and Se Tar-ua CL for ^ 
center of graTlty poaitiona.    The eirplane la ole^f"* eP*"tlng 

in a region of no ground effect.    Under ihaae conditlona the 
trimaer aettlng la zero degreee, 

Tfhen the gear la down, the pilot can poeltion the ^ i«"'V»"' 
angle between xero and 30 degreea trailing edge up.    ^«^«J 
showa trimed lift currea and CL TerauaS, for the tri-mer fully 
deflected andfalred.    Gear and  alata are eztended and there is 
no ground effect. 

During take-off and landing, the trimmer should be fully,<äf"-*f^a 

to obtain minimum take-off and landing epeeda.    Currea of trl«meä 
CL Terauß a and Se are ahown in Figure 8 ,    Theae Include ground 
effect, 

Kazimum trinned lift coefficients for the aboire mentioned con- 
dition are auwmarized in the following table. 

COTTTirrrfTTAL 
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TABLE  3 

Flight Condition and 
Airplane Configuration 

Slate and Gear Retracted, 
No Ground Effectt<5e - -15.°, *N " 0 

Slat« and Gear Extended, 
Ko Ground Kffect,^ - -15°, öN - 0° 

Slate and Gear Extended, 
V.o Ground Effect, Se - -15°, «N " ~30 

Slats and Gear Extended in o 

Ereeence of Ground, 6, - -15°, ^N " "5° 

Kaxiw Triaaed C.  
CG-25^ MAC 

.610 

.647 

co«; 32| MAC 

.955 

.506 

.510 

.830 

.79? 

HaxinuB lift coefficient  and angle of attack obtained In presence 
of the ground is shown in Figure 9 «e a function of center of 
graTlty position. 

8,1.3.1.2    Effect of Triaaer Foeition on Sleron Position and Stick 
Force« Required for Landing 

EleTon poeition and stick force required to  trim rersus  indicated air 
speed are show» for two triamer positions In Figures 10 and 11 .    For 
a giTen speed.  Increasing the trlmaer deflection require« reducing 
the eleTon deflection to aalntain trln.    Thus, minimum landing speed« 
are obtained when the trimner is fully up.    The elope of the ele^on 
angle Tereus Indicated airspeed  CUTTO is stable,  an up deflection 
being required to reduce speed, and thus  SBtisfles stick fixed static 
stability requirements. 

Stick forces associated with various elevon positions are supplied 
by s device giTlng forces proportional to dynamic preeeure and 
eleTon deflection.    Force trim is accomplished by altering the zero 
force poeition of the stick until zero force corresponds to the 
stick position required for trim.    The angle at which the trimmer i« 
set will haye little effect on stick force required to trim provided 
the force 1* reduced to zero at the same airspeed for varlou« trimmer 
angles.    This may be explained by the fact that no matter where the 
trimmer is set,  if the trim force is reduced to zero at a constant 
speed, the amount of change of elevon deflection required to produce 
a given «peed change is e««entially constant.    In FigureslO and 11 
the force is trinaed to zero at 1.4 times the stalling «peed for 
both trimmer deflections shown. 
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Since it Is necessary to have reasonable stick force characteristics 
at high speeds, the landing forces are light because of low Tallies 
of q. 

A curve of eleven angle rerruired to bold the airplane off the ground 
at 1.05 tines the stalling speed versus center of gravity position 
is shown in Figure 12, The elevons are aufflciently powerful to 
meet the requirements of Reference 4- to a forward center of gravity 
position of 21.6f. VAC. 

8.1.3.1.3 Stick gorce Characteristics During Accelerated Flight 

Elevon position and stick force versus load factor for various lift 
coefficients are shown in Figures 13 andH for C.G. poeitlons of 
25^ MAC and 221 MAC respectively. These curves were obtained 
assuming the trimmer wes fully deflected at lift coefficients above 
.UO  and was faired below CL ■ .^0. 

The variation ia stable and linear up to maximum elevon deflections 
but in eicess of the requirements of Reference 4 over the low speed 
flight ran^e. This is not considered objectionable since the 
naTimum "g's" that can be pulled at low speeds are small and the 
corresponding stick forces reasonable. As speed increases, the 
stick force per "g" gradient decreases until the variation is 
within the specified limits around Mach number .40. 

8.1.3.1.4 Nose Wheel Lift-Cff Charecterlsties 

Figure 15 shows the geometry of the landing gear of Model TF^D-l, 
which is composed of two main wheels, a nose wheel and a tall wheel. 
Touring nose wheel lift off the tail wheel contacts the ground 
before the noae wheel is off and must be compressed before further 
raising of the nose can be accomplished, »igure 16 presents speed 
at which the tail wheel will compress as a function of gross weight 
and center of gravity position. 

After sufficient force has been applied to the tall »heel to start 
compression, the airplane must further increase speed to continue 
compression of the tall wheel and thus raise the nose wheel. NOB« 

wheel lift-off speeds are shown in Figure 17 as a function of gross 
weitet and center of gravity position. 

For a gross weight of 16821 lbs., the maximum forward center of 
gravity for which the nose wheel lift-off requirements of Reference A- 
can be met is 23.Bt MC. It is possible that under certain leading 
conditiona the center of gravity may be forward of 23.811 MAC for 
take-off. This is not considered to be serious for the following 
reason. For land take-offs, the maximum ground angle that can be 
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obtained during take-off Is U0.    The i^^ant conjlder-tion !• to 
be able to obtain an angle of attack of U0 «t tha »PJJ« WJ^gJ« 
tor take-off at that attitude.    Aa.umlng a f^V^fL« ftJack of 
« eiinter of  «raTlty poeltlon of 72% MAC, and an angle of attack of 
üg! th^ jUTJor t^-off 1« Ul knota.    ^l*"™**ZTflU 
she« that under the same conditions, ^v^"^V.0"^ ?£* 
at 100 knots, or  .90 time« the minimum take-off ageed      The "«- 
cusslon in this section aseumes the eletona up 15  , and the trimmer 

up 30°. 

8.1.3.1.5    Fffect of ^tending gear.   Slats,  and  me Brake« on 
Longitudinal Ti-lm 

m- to the design of the  synthetic force feel system, changes In 
Sick for« "af^ccompany^arlatlone in airplane ~n^""°»/W 

^usually small.     Changes in eleron position and stick *>'«•*•- 
Zred for trim when the gear and slate are extended are shown in 
ngure   18 .    The maximum change in stick force is of the order of 
one pound. 

vrtenslon of the dl^e brakes produces an aerodynamlcally »ymmetrlcal 
Sange in ?he airplane configuration.    Trim chenge- due to extending 
tie brakes are esLntially zero as shown by the pitching moment 
versus  lift curves of figure   19 . 

8.1.3.2    emergency Control Configuration» 

«1^21    Charaeterliticg Obtained Turing Change-OTer from Power 
'    *'   '      to Manual Operation of the Control Furfacea 

8.1.3.2.1.1    (^neral Characteristics of the Change-OTer System 

Purlng power operation of the control surfaces    the  inboard and 
S^Lrsurface, are interconnected by a locking «•^1» ^lc 
in place by the control system hydraulic pressure.    " » h^"^;C 

failure occurs during periods when excessive elevon hinge moment, 
are required for trim,  a  check valve in the system traps and 
nreveSs the prcure*holding the locking mechanism *» P**" '£? 
Eltl« relieved unless the aerodynamic hinge moment of the control 
suSce is  relieved.    The system is  so designed that under thla 
Suon    the pilot is incapable of ^ving ^« «^J^^; 
aeainst the aerodynamic  hinge moment  but  can,  if he wishes    no^e 
JhJ «ntrol  surfaces toward their trail position to reduce the 
eiev^n hinge moments.    If no  control stick movement toward the 
e^von traU position is made by the pilot, the control *^ace. 
SlI remain a? the poeltlon occupied at the time of power failure. 

The uresBure holding the elevon interconnecting mechanism in 
place is a Junction^f  elevon hinre moment.    As soon as the hinge 
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moment acting on the eleven is reduced to a value of 64 ft-lbs., 
a spring in the interconnecting nechaniSD overcomes the preasurs 
of the trapped hydraulic fluid and effectively pulls the pin 
holding the inboard and outboard alevons together.    This action 
allows the inboard alevons to float free and the pilot is 
connected to the outboard surfaces only. 

The simulated force feel drrlce is disconnected at the time of 
hydraulic power failure,     -hen this happens the  stick will  slip 
3/8 of an incfy,corresponding to the hydraulic servo valve 
travel, thus advising the pilot of the failure. 

If the hinge moment acting on the elevens is  below 64 ft-lbs. 
at the time of hydraulic  failure,  change-over will take place 
immediately and will manifest  itself to the  pilot by a force of 
less than 35 pounds to keep the airplane in trim. 

8.1,3.2.1.2    Methods of Affecting Change-Over During High Klevon 
Hinge Moment Conditions 

Since the change-over sequence is entirely automatic,  it is ex- 
pected that  a minimum of pilot  procedure will be required.    How- 
ever,  the actions of the pilot immediately following hydraulic 
failure will influence the final force required to trim the 
airplane at a constant attitude. 

neduction of hinge moment may be accomplished in two ways;  by 
moving the elevons towards trail position,  or by slowing the 
airplane until the reduced dynamic pressure lowers the eleven 
hinre moments. 

Moving the elevons toward  trail  position can be done without 
keeping the airplane  in trim by simply moving the stick in the 
propei   direction.    VThen change-over occurs,  an initial change in 
stick force of 35 pounds will be felt,  but  ret riming the 
airplane will either require increaaed stick forces or position- 
ing the trimmer flap located inboard of  the elevens.     The air- 
plane may be kept trimmed during change-over by slowly position- 
ing the trimmer flap and at the same time moving the stick 
toward eleven trail position at the rat« required to prevent a 
change in attitude,    "-'hen change-over occurs using this pro- 
c«dur«, the 35 pounds initial change in fore« will trim th« 
airplane and large changes  in airplane attitude are unlikely. 

Under some conditions,  it may be desirable to make the change- 
over by cutting power to reduce airspeed,    when dynamic pressure 
becomes low enough to reduce the eleven hinge moments below 
6A ft-lbs.,   change-over will take place. 

8.1.3.2.2    liaicimum Lift Characteriatiics 

During emerg«noy control operating conditions,  primary pitch control 
is obtained froia the outboard elevons, which are directly controlled 
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by th« pilot,  plus the floating action of the  inboard elevens. 
Additional control may be obtained by placing the trimmers  in 
various up poaitlone. 

Obviously, r&& iaum trimmed lift  is obtained with the outboard 
elevens and tr .miners fully deflected.    This condition will only 
be approached in flight because the triaaers serve as a  stick 
force trimmer when on manual  control and its position will be 
limited to  settings which give reasonable stick forces.    Toll 
deflection of the trimmers produces an unstable stick fore« 
versus epeed gradient near the stall, as shown in figure 20  , 
while intermediate trimmer settings result  in stability in this 
flight region,  (see Figure 21). 

It follows that  for a given center of gravity position,   the 
minimum speed to which the airplane can be trimmed under emergency 
conditions will be dependent on the amount of stick free stability 
desired by the pilot. 

8,1.3.2,3    TTfect of Center of Gravity Position on Trimmer 
Position and Stick Kress Required for Landing 

Curves of stick force,  outboard and Inboard eleven angles, and 
trimmer angle versus  indicated airspeed are shown for two center 
of gravity positions  in Figure 21  ,    The trimmer has been set so 
the stick forces at 1,4 VBtail are zero. 

As the Cd. moves forward, ».ore up trimmer is required to balance 
the increased negative pitching moment if the zero stick fore« 
speed is to remain constant.    Stick free stability is increased 
during a forward center of gravity movement,  but the minimum 
trim speed   is slightly decreased. 

Stick free stability appears to be satisfactory for the antici- 
pated center of gravity range.    Although the stick force versus 
speed  gradient reverses near maximum lift for aft  center of 
gravities, the force Itself never approaches zero,    Should 
the trimmer angle be increased over that  reruired for trim at 
1.4 ^Bta11■ unstable stick forces will result  for aft center 
of gravi 

stall.   U1 

ritles. 

If the slat operating mechanism becomes inoperative, the floating 
angle    of    tlw outboard elevens  is changed  in such a manner as 
to reduce stick free stability below the speed at which the slats 
normally extend,    Stability is further decreased as the eenter 
of grevity moves aft, and at the aft center of gravity of 25^ MAC 
a  condition of neutral stability appears to  exist.    These character- 
istics are shown in Figure  22 , 

Trimmer position required for zero stick force over the low speed 
flight range is shewn  in Figure 23« 
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^.1.3.2,4    Stick Force Characteristics During Accelerated Flight 

Figures 24  and 25  present  ourr^s of outer eleven angle and etlek 
force versus load factor for several  Indicated airspeeds.    These 
values were calculated with the trlamer set to give zero  stick 
force during level flight. 

Examination of Figure  24 reveals tbe stick force per "g" gradient 
to be unstable at very low speeds with the    C.n. at 25% MAC.    As 
speed Increaees, the Instability decreases until at 130 knots, 
pull forces are required to  produce and hold a positive change  In 
load factor.    The Instability noted Is considered tolerable be- 
cause it occurs over a very United flight  range and the magnl- 
tudes of the forces required are reasonable. 

Moving the center of gravity forward decreases the range of flight 
over which Instability occur«t    Figure  25 shows the stick force 
per "g"  gradient to be stable at all speeds down to the ninlaua. 

Under emergency control oparating conditions, meneuvering stability 
is unavoidably high.    At speeds above 200 knots, all but routine 
maneuvering will require actuation of the trimmer to reduce stick 
forces to within the pilot's cepabilities. 

8,2    Directional Characteristics 

8.2.1    Static Directional Stability 

The static directional stability parameter,  Cnp, is plotted as a function 
of lift coefficient  in Figure  26 .    Stability is positive at all speeds 
for normal operation.  Increasing from a value of  .0011 at zero lift to 
.00193 at CL -  .85.    If the airplane is flown with the slats retracted at 
lift coefficients  above  .60, stability decreases rapidly as lift co- 
efficient increises and becomes neutral at C^  -  .855. 

Although Cnfl is somewhat lower than the estimated values given  in 
Reference   3    , no adverse results are anticipated.     Damping of "dutch- 
roll" oscillations has always been marginal, and    Reference   3   points out 
that an automatic yaw-damping system is to be installed  in the airplane. 
As subsequent discussion will show,  the net results are improved lateral- 
directional oscillatory characteristics and Improved direction«! control. 

Directional   stability of the airplane  is sufficient to restrict adver»« 
yaw due to lateral eleven deflection to well within  the limits  specified 
by Reference  4    .    Characteristic time histories of airplane motion in 
rudder fixed rolls are presented  In Figures 27,28,29   and 30   for several 
lift  coefficients at  sea level.    From thes« time histories, maxlmvnm 
sideslip angles due to  adverse yaw have been plotted and tbetir relation 
to the maximum allowable is shown in Figure   31 . 
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Rudder floating tendency'is estimated to be negligible, thus insuring 
rudder-free characteristics comparable with rudder fixed estimates. 
Trim for level  flight at zero side slip will be eatiefactory since there 
are no »Symmetrie power effects. 

ß.2,2    Description of TXitch Roll Damping System 

References   5  and   6  indicated damping of the latoral-directional oscil- 
lation was marginal,    norther analysis of the problem, Reference   3   showed 
that  it   is impossible to mntexially improve the damping character!etles 
by changing the airplane ocnfipuration  and that addition of artificial 
damping appeared to be the logical solution. 

A yaw damper consisting of a rate-gyro sensitive to rate of yaw and a 
servo-system controlling rudder motion  is to be installed in the XF^D-l 
to improve lateral-directional damping.    The basic relationship between 
the rate-gyro and the servo-mechanism wir eh receives its signal is that 
one degree rate of yaw will excite one degree of rudder to oppose the 
yaw. 

The characteristics of the artificial damping system are non-linear as 
a result of power limitations of the  servo system,   static friction and 
non-linearities inherent in the servo  system.    These considerations will 
Influence effectiveness of the yaw damper, and their effects are now in 
the process of determination. 

To prevent  the system from damping intentional turns, a fores link 
sensitive to rudder pedal force Imparts a signal to the servo-mechaniaa 
that  cancels the signal output from the rate-gyro during manuevers in- 
volving a  change of azimuth.    In this respect the XF4C-1 will differ 
from conventional airplanes  in that a rudder pedal force proportional 
to rate of yaw must be applied to maintain steady turns. 

Characteristics of the actual system to be installed  in the airplane will 
be presented  in Reference   7   , to be published soon. 

8.2.3    Dynamic Lateral-Directional Characteristics 

Damning charocteristics of Mod?! XF4D-1 are shown in Figurs 32   for several 
lift  coefficients at various altitudes.    A sumary of the mass and aero- 
dynamic parameters used  in the calculations  is given  in Table   4   . 

Thti solid  lines of ^igure 32   represent damping characteristic« of the 
airplane with tto artificial damping.    Calculations of these points were 
made using the latest wind tunnel dat«  of Reference   1   .    The relation 
between period of the oscillation and time to damp to one-half amplitude 
is  seen to be marginal at  sea  level and tends toward unsatisfectory as 
altitude increases. 
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TARI.1C    A 

SDWARY OF PARAKWEPS USRP IN DYNAWIC lATHRAI-DIRECTIONAL 

1 

STABIITTY CVICUIATICN - NC   APTIFICI \L PAirTTO 

Altitude                                                            Sea LeTel 

CL .550 .275 .150 .071 

V, FPS 223.3 315.8 427.5 621.5 r 

b/2V .0751 .05303 .03918 .02695 
• 

2^/v 3.529 2.495 1.843 1.268 
1 

1 
t 

• C/0 -.0U70 -.01390 -.00768 -.00528 1 
1 

-.00119 -.00035 .000110 .000455 *                              1 

■ 

^ 
.0225^ .00559 ,00072 -.00103 

1 

1 

% 
.01016 .00453 .00245 .00130 

• 

m s -.00620 -.00473 -.00350 -.00242 1 

■  o .00805 .00994 .00801 .00568 
! 

c^ 
-.1300 -.0791 -.0527 -.0356 

• 
•9 s .0831 .0693 .0653 .0630 

% 
-.338 -.338 -.338 -.338 "1 

■ 

^ Ix .01183 .00526 .00279 .00131 
1- 

♦ Iz .03792 .01962 .01078 .00512 

i 
Ix. -.00695 -.00174 

1 
-.00051 -.00010 

■; 

All. ^AR.U'^EP? 

■PFRP'OT ^TE ^TOO 

FFTCTFT^ HY PAKT'' A?   AB0VT-' ^'CF^T THOR7  A « 

PUDP ER  nPTLECTIOr.   Cn.;..   ClJ..   CyJ.. 

* CL .550 .275 .150 .071 

1 CA!r .00701 .OQ797 .00892 .00966 

-.05600 

.09405 

-.05633 

.10324 

-.05790 

.10801 

-.05772 

.10938 
1 

if* ■ 

i 

1 
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TABLE   A   (Cont'd) 

NO ARTIFICIAL DAKPINQ 

Altitude 20,000 Et. 

v, rrr; 
b/2v 

On0 

c/,4 

I. 

.550 

2^.3 

.05691 

5.027 

-.01115 

-.000905 

.01710 

.00771 

-.C0471 

.00611 

-.1300 

.0«31 

-.33« 

.01193 

.03792 

-.00695 

.275 .150 

^6.3 563.6 

.04023 .02971 

3.554 2.625 

-.00789 -.00582 

-.000266 .000083 

.00424 .00055 

.00344 .001«6 

-.00359 -.00266 

.00754 .00607 

-.0791 -.0527 

.0693 .0653 

-.33« -.338 

.00526 .00279 

.01962 .01078 ■ 

-.00174 -.00051 

P^Rf^T R^TE OYRO 

.071 

819.3 

.02044 

1.806 

-.00401 

.000345 

-.00078 

.0009S' 

-.OOltU 

.00431 

-.0356 

.O63O 

-.338 

.00131 

.00512 

-.00010 

AIL T',\PArT:TFRF  S.^F .\2   ;P0V~   r/CETT TtlCi'E A^KCTTD BY 

PUTO^-R DETLrCTICN.   C^,   C^|r,   Cy^. 

C4 

.550 

.00456 

-.05451 

.09211 

.275 

.00688 

-.05519 

.10b34 

.150 

.00833 

-.05706 

.10607 

.071 

.00935 

-.05714 

.10351 
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* 

( 

Altitude 

Vjyps 

b/2V 

c4 

a* 

% 

% 

Ii 

1« 

TABLE ^ (Cont»cl) 

NO ARTIFICIAL DAlfPIlfO 

^o,ooo n. 

.550 

uu.u 
.03855 

7.A09 

-.00756 

-.000613 

.01158 

.005?2 

-.00319 

.004U 

-.1300 

.0331 

-.338 

.01183 

.03792 

-.00695 i__ 

.275 

6U.5 

.02725 

5.238 

-.0C53A 

-.000180 

.00287 

.00233 

-.00243 

.00511 

-.0791 

.0693 

-.338 

.00526 

.01962 

.00174 

.150 

831.8 

.02013 

3.870 

-.00700 

.000056 

.00037 

.00126 

-.00180 

.00411 

-.0527 

.0653 

-.338 

.00279 

.01078 

-.00051 

AIL ^ARAJ'.TrRr r.v.-11' '1-' APOV? TIXCVT
1
 Tyir0.^ wTrcrFP ^Y 

^ITT)^^ n^T^CTIOF, C_;, Cy;, Cv;. 

Cl, 

c 4' 

.550 

.00207 

-.05299 

.090U 

.275 

.00577 

-.05403 

.09841 

.150 

.00773 

-.05620 

.10411 
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Estimates of the effect of Introducing artificial damping hare been 
made assuming a perfect rate-gyro system.    Results of these calculation« 
are represented by the broken lines qf Figure 32  .    TTegllgible oscil- 
lation arpearfl to be present.     It is interesting to note that  for the 
ease of the airplane with no artificial damping, damping charaoteristlc« 
became worse as speed increases.    For the case of the slrplan* with 
artificial damping the reverse  is true.    The reason for this reTersefl 
trend   is obrlous when the damping in yaw parameters,  C^ ,  are obserre* 
for the two cases  in Table 4    .    Induced damping from the rudder is so 
large that at high speeds the oscillation really never gets started. 

The yaw damping system that  is to  be  installed  in the rTAD-l will 
produce results that lie between the two cases presented  here.    It la 
believed the final configuration    will  produce entirely  satisfactory 
dynamic lateral-directional oscillatory characteristics. 

8.2,i    Directional Control 

8.2.4.1    Side Slip Characteristics and Rudder Pedal Forces-Yaw T>amper 
Inoperative 

Rudder effectiveness parameters Cn*      Cl*    and Cy*    are plotted 
against lift coefficient  in Figure 53 .    The rate df change of yawing 
moment coefficient with rudder deflection is linear over the complete 
flight range of the airplane and  indicates that ercellent  directional 
control may be maintained under ell conditions. 

Figures 34 35  36 and 37   present curves of  steady side slip angle,/3 , 
versus anple of bank,  ripht aileron angle, and  rudder deflection for 
angles of attack of 0°,  10°,  15°,  «nd 20° respectively.    These curves 
were cross  plotted to  obtain the maximum steady side slip angle 
obtainable and associated  control  positions  for various angles of 
attack, as  shown  in Figure   38 • 

The maximum side slip «ngle at 1.1 Vetail is 12.8°.    The rudder pedal 
force required for the case of the airplane with no yaw damper Is 
57 pounds.    These values are well within the requirements of Referenced   . 

Cross wind take-off characteristics are shown in Figure   39 .    Available 
side slip angles and associated rudder pedal forces meet the require- 
ments of Reference 4-    . 

8.2.4.2    ride Slip Character1 etics and Rudder Pedal Forces-Yaw Damper 
Operating 

The yaw damper and  rudder pedal force link are being designed so that 
their addition to the control system will  in no way restrict directional 
control.    Hence the  same angles of iBldeclip presented in    Section B.2.4.1 
will be obtainable with the yaw damper  installed. 
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Since analyala and deaign of the rate-gyro and rudder pedal force 
link system la not  complete, final rudder pedal forces for "the ease 
«here the system ia  in operation are not yet determined.    Howerer, 
dosiga of the force link is proceeding with the rudder pedal force 
requirements of Reference U    in mind.    Final rudder pedal forcae 
required for steady turns and sideslips will be presented  in the 
forthcoming Reference  7    . 

8,3    Lateral Characteristica 

8.3.1 Dihedral Effect 

The static lateral stability parameter,  G/^ ,  ia plotted as a function of 
lift coefficient  in Figure 26 .    C^ is poaitiTe over the entire flight 
range of the airplane  ,  increasing from a value of -.00038 at zero lift 
to -.00275 at C    - .850 and aatiafiea atick fixed dihedral effect re- 
quirements. 

Reference   U etates that poaitive static stick free dihedral effect shall 
exiat and shall be evidenced during sideslips by aileron deflection and 
control force towards the leading wing being required to depress the 
leading wing.    By referring to Figure 36 it may be aeen thia condition la 
eatlafied. 

Eramination of Figures 27,28^29bnd  30 Indicates no evidence of reversal 
in rolling velocity due to dihedral effect. 

8.3.2 Lateral Control 

8.3.2.1    Noraal Control Configuration 

The effect of trincier on roiling characteristics is small.    Referring 
to Figures U0 end  Al ,  lb ia aeen that trimmer position will have BOB» 
effect on £>   and  rolling velocity at  hiph angles of attack,  but  none 
at medium and  low angles  of attack.    Thia is due to the sllgxt lose 
in rolling effectiveness at  large lateral elevon angles that are 
obtained when  considerable elevon deflection is required for longi- 
tudinal trim,   (low speeds). 

It is seen from Figures  40 and   41 that rolling characteristica are 
excellent;  being considerably in excess of the requirements of 
Reference    4 at all speeds except near the  stalling velocity.    At 
1.1 ^stallt  tlie «naximum ^ o*btained is  .07 whereas  .09 ia required 
to meet 3R119-B. 

This apparent deficiency is not considered serioua.     Comparison of the 
aero sideslip rolling characteristics of the XF4T5-1 with those of the 
XF3T)-1, an airplane considered to have excellent low speed lateral 
control, ahowa the XF4TV1 to be capable of a ^  of  .175 with full 
control deflection as compared to  .125 for the XF3D-1 under the sane 
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condition.    The apparent loss  in ^    of  .105 In the case of the mD-l 
ia due to KA, the roll reduction factor due to sideslip.    In order for 
the fvll effect of K^to be experienced,  it  is estimated that at least 
20° of sideslip must be obtained at 1.1 V        It is further beliered 
th»it  low SDeed rolle executed at near stalling speeds will more closely 
approximate a zero sideslip condition than a rudder fixed condition. 
Under this assumption, the XP4D-1 should have as good or better 1«^"! 
characteristic at  low speeds than those obtained on the pilot accepted 
XF3^-1.    It   should also be noted that whereas the 7F3D-1 has a maxiau» 
rolling velocity of 350/sec.  In the landing condition, the xm>l bas 
almost  50°/sec by virtue of its shorter span. 

Lateral   stick forces obtained during fully deflected elevon rolls are 
Plotted on Figures U0 and 41  .    As in the case of longitudinal stick 
forces    lateral  forces are supplied with a  synthetic force feel systs« 
whose outnut  is  nronortional to elevon deflection and dynamic pressure. 
Rtlck forces are moderate and  easily meet the requirements of Psference A- 

Estimated  loss of lateral control  d»e  to wing twist  and  sideslip is 
presented  in ripures A2 and U3 in terms of their respectire raftictioa, 
factors, J^ and K^ . 

8.3.2.2    Emergency Control Configuration 

T5urlng emergency control operation, lateral control and hinge momant 
are obtained  from the outboard elevens only.    Pefaranca  U   requires 
that a minimum of 150/sec rate of roll be obtained with no more than 
30 pounds stick force.    MgureU   »how« BtUk force rerulred to pro- 
duce a rate of roll of 150/sec, and the rate of roll obtained from 
30 pounds stick force is plotted on figure U5   .    Examination of thaea 
curves reveals that the recuirements of Reference   4  are not satisfied. 

Using the same argument presented  in r.ectlon 8.3.2.1,  the  low speed 
rolling velocity obtained from  30 pounds  stick force can be increased 
from approximately 10o/sec.to 250/SBC. by using rudder to make zero 
sideslip rolls.     It  is felt  the latter figure will more nearly 
approximate the maximum low speed rolling velocity available under 
actual flight conditions.    Moreover,  two  Independent  hydraulic systems 
must fail before it  becomes necessary to use the manual emergency 
system. 
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9.0    OOKaUSIGNS AND R^COMMSNDATIOMS 

On the basis of the analysis of Fart I of thia report,   it 
is concluded that the Ion speed flying qualities of the 
XF4D-1 will be generally satisfactory,   although in  several 
respects they appear to be marginal.    To Insure fully 
satisfactory characteristics of tha prototype,   the following 
recooffleniations are made. 

1. The center of gravity should not exceed 22% MAC 
maxiaum forward with the gear extended,  and 
25% MAC maximum aft  >d.th the gear retracted. 

2. Marginal dynamic longitudinal damping 
characteristics should be recognized,   and 
provisions made for introducing artificial 
damping into the longitudinal control 
system if poor damping is verified during 
flight tests. 
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